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INTRODUCTION : 

I n d u s t r i a l  p r o g r e s s  and l i f e  i t s e l f  i n s e p a r a b l y  depend on t h e  
q u a l i t y  of r e s o u r c e s  o f  water ,  l a n d ,  and i n  p a r t i c u l a r ,  t h e  a i r  which 
w e  b r e a t h e .  A i r  p o l l u t i o n ,  t h e r e f o r e ,  i s  of pr imary  p u b l i c  concern  
and i n  a l l  i n d u s t r i a l i z e d  n a t i o n s  v a r i o u s  s t e p s  are b e i n g  unde r t aken  
to  keep  t h e  a i r  c l e a n .  

One of t h e  main c u l p r i t s  of a i r  p o l l u t i o n  a r e  fumes and g a s e s  
from t h e  combustion of f o s s i l e  f u e l s .  The p r i n c i p a l  t o x i c  c o n s t i t -  
u e n t s  of  combustion g a s e s  a r e  Su lphur  Oxides from t h e  Su lphur  
c o n t a i n e d  i n  Coal  and i n  Fue l -Oi l s ,  d e r i v e d  from h igh- su lphurous  
c rude  o i l s .  Excess ive  p o l l u t i o n  of A i r  w i t h  combustion g a s e s  
c o n t a i n i n g  t h e s e  s u l p h u r  o x i d e s  i s  u n d e r s t a n d a b l y  i n c r e a s i n g  w i t h  
p o p u l a t i o n  growth,  u r b a n i s a t i o n  and i n d u s t r i a l  expans ion .  No wonder, 
t h e r e f o r e ,  t h a t  i n  t h e  Uni ted  S ta tes ,  t h e  90th  Congress  p a s s e d  t h e  
A i r  P o l l u t i o n  B i l l  N o .  780 l a t e  i n  1967 and  h a s  a u t h o r i z e d  close t o  
a h a l f  b i l l i o n  d o l l a r s  f o r  a t h r e e - y e a r  program t o  combat A i r  
P o l l u t i o n .  One o f  t h e  p o i n t s  of  t h i s  b i l l  i s  f o r  t h e  U .  S.  
Department of  H e a l t h ,  Educa t ion ,  and Welfare  t o  conduc t  Research  on 
f u e l  b e n e f i c i a t i o n ,  l e a d i n g  t o  t h e  e l i m i n a t i o n  of  Su lphur  Oxides  
emis s ion  i n t o  t h e  a tmosphere .  

To c o n t r o l  a i r  p o l l u t i o n  caused  by fumes and g a s e s  from combus- 
t i o n  of h igh - su lphur  f o s s i l e  f u e l s ,  two b a s i c  approaches  c a n  be 
made : 

1. To c l e a n  t h e  combustion fumes and g a s e s  from 
Su lphur  Oxides a t  t h e i r  g e n e r a t i o n  s o u r c e  p r i o r  t o  t h e  
r e l e a s e  i n t o  t h e  a tmosphere ;  

2. T o  r educe  t h e  s u l p h u r  c o n t e n t  of the f o s s i l e  
f u e l s  BEFORE t h e i r  combust ion .  

T h i s  s h o r t  p r e s e n t a t i o n  i s  i n  t h e  scope  of  t h e  second approach ,  
and I a m  a t t e m p t i n g  t o  show an  economica l ,  new way t o  rerove Sulphur  
from C o a l - O i l  Mix tu res .  

I a m  fully aware t h a t  t h e  e x p e r i m e n t a l  da ta  p r e s e n t e d  h e r e i n  is  
n o t  c o n c l u s i v e  and many q u e s t i o n s  remain  t o  be answered by conduct inq  
of more d e t a i l e d  Research and Development work. T h i s  f u t u r e  work, 
however, should  fo l low-up  t h e  p r e s e n t  f e a s i b i l i t y  s t u d y  i n  which ,  as 
i t  i s  g iven  i n  t h e  t i t l e  of t h i s  l e c t u r e ,  o r g a n i c a l l y  bonded s u l p h u r  
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is being substantially removed from a Coal-Oil mixture by attrition 
grindinq with activated powdery Iron. 

Metals such as Iron, Nickel, Copper, Tin, Bronze, Lager Metal, 
etc. are capable to scavenge organically bonded sulphur from hydro- 
carbon type lube-oils under condition of friction. This has been 
well known for many decades. 

For example, a lubricating oil which still contains some 
organically bonded sulphur because of insufficient refining, in use, 
very soon starts to show sludge formation. This sludge always 
analyzes for metallic sulphides. 

It appears, therefore, that under high ffictional forces 
occurring during the lubricating process in spite that the reactive 
surfaces of the contacting metallic surfaces are rather small and 
separated by a lubricating film, nevertheless, in.time the 
organically bonded sulphur in the lubricating oil becomes slowly 
scavenged by the abraded minute metallic particles. In general, this 
phenomenon can be explained by the energetic preference of sulphur 
atoms to be bonded to metallic atoms rather than to carbon atoms. 

, A s  Metal Sulphides are insoluble in the lube-oil, this reaction 
proceeds further as the equilibrically preferred reaction. 

When more favorable conditions are created, in which the used 
metal is in the form of a high surfaced fine powder, and its mixture 
with a sulphur containing oil-coal is most frequently and intimately' 
attritionally mixed in a mill, it is obvious that in a shorter 
time a larger part of the organically bonded sulphur in the coal-oil 
mixture shall be scavenged by the metallic powder. The coal-oil 
mixture, from which molecules the sulphur atoms were abstracted, 
will under the reaction conditions partly depolymerise and partly 
polymerise, but in general a fluid fuel will result with a low 
sulphur content. 

boiling, good solvent, such as Tetralin* and centrifuged, the 
unreacted Metal and the Metal Sulphide having a relatively high 
specific gravity are easily separated from the reaction fluid, which 
now consists of an intimate dispersion of unreacted coal in an oily 
phase. After removal of the solvent, a low-sulphur, low-ash fuel 
results. 

When this pasty reaction mixture is'now diluted with a high 

For the herein presented few exploratory experiments, the least 
expensive metal Iron Powder was used, although it might have been 
expected t h a t  Zinc, Tin, and Aluminum powders would perform better 
because of their higher atomic bond energy with Sulphur than Carbon. 

However, the surface of Iron Powder easily becomes contaminated 
with reaction products with moist air, therefore, all commercial 
Iron Powders, even those which were made by hydrogen reduction have 
a partly oxidized surface. For that reason it was decided to 
prepare as much as possible a surface clean Iron Powder by the 

Tetralin - 1,2,3,4-Tetrahydronaphtalene - sp.gr. 60/60°F. = 0.971 
m - p -  = -3OOC.; b.p. = 207OC. 
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following preactivation procedure: 

A 0.1% benzene-absolute alcohol solution-dispersion of a 
mixture of three chemicals was percolated through the Iron powder. 

This mixture consisted of a Cationic reducing wetting agent 
with an Organo-Tin compound doped with an Organo-Lead compound. 
(For patent reasons I do not feel free at this time to exactly 
identify these compounds.) After drying of the Iron powder in 
Eiitroqen, it retained on the surface a plated-out, extra thin, 
metallic Tin film, whose weight was less than 0.05% of the weight 
of the Iron powder. Thus, what we really did was to deposit on the 
commercial Iron powder of a thin Tin-plate which, as.we could 
observe under the nicroscope, was tenaciously adhering to the Iron 
powder surface even after the Iron powder was nixed into the coal- 
oil paste. This composition was applied with the expectation that 
the Tin plated Iron surface will initiate a Sulphur scavenging 
reaction, reminiscent of Melamid’s Oil-Molten Tin cracking experi- 
ence. The Tin plating of the Iron powder also appeared to prevent 
conglomeration of the Iron powder in the course of the grinding 
process. 

Certainly, further considerable work should be done to explore 
hdw this really works and whether better wetting agents and activa- 
tors can be found for that purpose. The use of radioactive tagging 
elements such as tritium and Fe incorporated into the wetting- 
activating compounds may elucidize their action. 

EXPERIMENTAL : 

I wish here to emphasize that the followin? presented herein few 
experiments should not give the impression that there is already on 
hand a developed method for Desulphurisation of Coal-Oil Mixtures. 
This is only a Feasibility Study in which I am only tentatively 
showing that by Attritional Grindin? of a high-Sulphur containing 
paste made by solublizing Coal in Mineral Oil with a Sulphur Scav- 
enging Metal such as inexpensive Iron powder, a quasi-metathetic 
reaction substantially appears to occur: this leading to a low-in- 
sulphur fuel, while producing Iron Sulphide as a commercially 
desirable by- product. 

In order that this new method becomes inexpensive and practical, 
it should perform already at temperatures not much higher than 275OC. 

Also the mixing-grinding reactor residence time should not be 
longer than 5 - 10 minutes. The reaction should also proceed 
preferably without the use of hydrogen because this requires high 
pressure working conditions. Hydrodesulphurisation is a too costly 
process for making a fuel only. 

Finally, this new process should not produce appreciable amounts 
of low boiling volatiles resulting from hiqh temperature decompo- 
sition of the oil and coal: this necessarily requiring a costly post- 
distillation step. 

Only then, we may expect that the total production costs of a 
BTU shall be low enough to make it a practical desulphurisation 
method, competitive with the presently suggested H-oil process, which 
is using catalytic, high pressure hydrogenation of mineral oils. 
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1 Keeping a l l  t h e s e  c o n s i d e r a t i o n s  i n  view, f o r  t h i s  l i m i t e d  
i , 

f e a s i b i l i t y  s t u d y  I have  a r b i t r a r i l y  selected a . c o n s e r v a t i v e  se t  of 
r e a c t i o n  c o n s t a n t s ,  l e a v i n g  f o r  f u t u r e  much m o r e  e x t e n s i v e  R & D work 
t o  f i n d  more e f f i c i e n t l y  working c o n d i t i o n s :  

The g r i n d i n g  t i m e  was f i v e  minutes  a t  t h e  g r i n d i n g  t empera tu re  

The g r i n d e r ,  equipped  w i t h  a v e n t i n g  v a l v e ,  w a s  t h e  well-known 

I 
This  model has  a g r i n d i n g  tank w i t h  a c a p a c i t y  of  750 cc. and I 

1 of  250OC. 

Union P rocess  Company's Research M o d e l  A t t r i t o r  No. 01. 4 

d e l i v e r e d  c a p a c i t y  of  200 - 400 cc. 
1 
I 
I 

To work a t  t h e  i n t e n d e d  h igh  t empera tu res  of  250 - 275"C., it 
w a s  s p e c i a l l y  equipped  w i t h  electrical w i r e  h e a t i n g  and p rope r  Tef lon  
g a s k e t i n g .  

A s  g r i n d i n g  aids, steel balls of 1 5  mm. d iame te r  w e r e  used. 

The o b t a i n e d  from a s u p p l i e r  coal w a s  p r e d r i e d  and preground t o  
1 

an ave rage  100 mesh. I t  w a s  p repa red  from a h i g h  volati le c o a l  g r i t ,  t 
mined i n  t h e  Math ies  Mine i n  Washington county., n e a r , P i t t s W r g h ,  
Pennsylvania .  Its a n a l y s i s  a f t e r  d r y i n g  and g r i n d i n g  w a s :  

Total Su lphur  C o n t e n t  1.70% (of t h i s ,  p y r i t e  s u l p h u r  

1. Mois tu re  0 .lo% 
2.  V o l a t i l e s  39 . O O %  
3. F ixed  Carbon 55 .OO% 

ana lyzed  at 0.2%) 

4 .  Ash . 5.90% 
100 .OO% . 

The I r o n  Powder  w a s  a Niagara  100 mesh g r a d e  from the Pyran  
. Company, a s u b s i d i a r y  of AMAX. I t . w a s  .an almost 100% pure  hydrogen 

reduced  I r o n .  

A c o n s t a n t  we igh t  r a t i o  of 1:l of  c o a l  p o w d e r  t o  t h e  solubil- 
i z i n g - g r i n d i n g  o i l  w a s  k e p t  i n  a l l  exper iments .  
depending on t h e  p h y s i c a l  and chemica l  p r o p e r t i e s  of  t h e  used o i l ,  
t h e  r e s u l t i n g  m i x t u r e  was a s o f t  to  f i r m  p a s t e .  A t  t h e  r e a c t i o n  
t empera tu re  of 250OC. a l l  t h e s e  pastes w e r e  s t i l l  t h i x o t r o p i c  f l u i d s  
e v o l v i n g  some v o l a t i l e  fumes; t h i s  a g a i n  depending p r i m a r i l y  upon its 
IBP and t h e  compos i t ion  and v o l a t i l i t y  of t h e  used  o i l .  The F u e l  O i l  
N o .  6 fumed t h e  m o s t  because  of i t s  l o w e s t  IBP of  o n l y  489OF. 

A t  room tempera ture ,  

For our expe r imen t s  w e  have s e l e c t e d  four g r a d e s  of g r i n d i n g  
o i l s  :, ' 

1. A h i g h  n a p t h e n i c ,  l o w  i n  aromatics oi l :  T u f f l o  6094 from 
S i n c l a i r  O i l  Company. 
s u l p h u r  - L e s s  t h a n  0.001% 

T h i s  o i l  ana lyzed :  Aromatics - 8% and t o t a l  

2. A h i g h  a r o m a t i c  o i l :  Mobi l so l  66 from Mobil O i l  Company. 

3. A h i g h  aromatic oi l :  A r o m a t i c  RFC E x t s a c t  and Concent ra te  

T h i s  o i l  ana lyzed:  A r o m a t i c s  - 95% and t o t a l  s u l p h u r  - o n l y  0 .4% 

' from Enjay Chemical Company. T h i s  o i l  ana lyzed:  Aromatics - 88% and 
t o t a l  s u l p h u r  - 1.30% 
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4 .  A t y p i c a l  F u e l  O i l  N o .  6 from Humble O i l  and Ref in ing  
Company. T h i s  o i l  ana lyzed:  Aromatics - 65% and t o t a l  s u l p h u r  - 
2.60% 

I t  is  e v i d e n t  from t h e  above and Tab le  I ,  which g i v e s  a more 
complete a n a l y s i s  of  t h e s e  f o u r  g r i n d i n g  o i l s ,  t h a t  two h i g h l y  
aromatic o i l s  were used ,  b u t  one  w i t h  a low and t h e  o t h e r  w i t h  a 
r e l a t i v e l y  h i g h  Su lphur  c o n t e n t .  

s u l p h u r - f r e e ,  was t e s t e d .  I t  w a b ' i n t e r e s t i n g  t o  tes t1  suoh an s i $  f o r  
i t s  s o l u b i l i z i n g  power f o r  t h e  c o a l  powder and consequen t ly  t o  f i n d  
o u t  what r e l a t i v e l y  t h e  p e r c e n t a g e  of  s u l p h u r  removal frqn t h e  c o a l  
w i l l  r e s u l t  when d i s p e r s e d  and s o l u b i l i z e d  i n  such  a p o o r l y  
s o l v a t i z i n g  o i l .  

F i n a l l y ,  f o r  p r a c t i c a l  reasons a t y p i c a l  F u e l  O i l  N o .  6 (Bunker 
O i l  C )  was i n c l u d e d .  T h i s ,  f i r s t  t o  e s t a b l i s h  i t s  s o l u b i l i z i n g  power 
f o r  a c o a l ,  and a t  t h e  same t i m e  t o  t e n t a t i v e l y  f i n d  o u t  whether  o u r  
new p r o c e s s  can s u b s t a n t i a l l y  reduce  t h e  Sulphur  c o n t e n t  i n  such  a 
coa l -o i l  mix tu re  t o  t h e  d e s i r e d  below one  p e r c e n t .  

A t h i r d  o i l ,  T u f f l o  6 0 9 4 ,  which 4s v e r y  low i n  aromatics and 

Thus, w i t h  one t y p e  of a h igh  v o l a t i l e  c o a l  and four g r a d e s  of 
g r i n d i n g  o i l ,  f o u r  doub le  b a s i c  exper iments  were r u n  as f o l l o w s :  

Each g r i n d i n g  o i l  and t h e  Coal - I ron  powder were mixed: One 
b a t c h  wh i l e  on ly  u s i n g  t h e  a g i t a t o r  w i t h o u t  t h e  s tee l  b a l l s  i n  t h e  
A t t r i t o r  N o .  0 1 ;  t h e  p a i r i n g  ba tch  was made w i t h  t h e  s teel  b a l l s .  
For  t h i s  tw in  expe r imen t  a l l  o t h e r  c o n d i t i o n s  of t i m e ,  t e m p e r a t u r e ,  
and amount of i n g r e d i e n t s ,  e t c .  were i d e n t i c a l .  

The r e s u l t s  of t h e s e  e i g h t  t y p i c a l  expe r imen t s  a re  p r e s e n t e d  
i n  Table  11. 

PROCEDURE : 

Before  t h e i r  d i s c u s s i o n  I wish t o . d e t a i 1  t h e  e x p e r i m e n t a l  
p rocedure  a p p l i e d  f o r  any s i n p l e  run :  

I n  a s e p a r a t e  s t a i n l e s s  s t ee l  one  l i t e r  b e a k e r ,  e q u a l  we igh t  
p a r t s  of t h e  b e f o r e  d e s c r i b e d  dried coal  powder and t h e  o i l  a t  a 
t empera tu re  of 100OC. were s p a t u l a  mixed u n t i l  a un i fo rm p a s t e  
r e s u l t e d .  TO t h i s  p a s t e  a c a l c u l a t e d  amount of  f r e s h l y  a c t i v a t e d  
I r o n  powder w a s  admixed. 

For  each  expe r imen t  t h e  I r o n  powder was c a l c u l a t e d  on the  b a s i s  
of t h e  ave rage  Su lphur  c o n t e n t  i n  t h e  1:l o i l - c o a l  mix,  s u f f i c i e n t  
t o  f u l l y  scavenge  t h e  Su lphur  g i v i n q  E. From t h i s  mix tu re  a small  
known sample w a s  removed and h e l d  back f o r  a n a l y s i s .  When S t e e l  
B a l l s  were used ,  t h e s e  b a l l s  p u t  i n t o  A t t r i t o r  0 1  up t o  abou t  25% of 
i t s  volume; t h i s  w h i l e  moving around t h e  s tee l  ba l l s  i n  t h e  t a n k  of 
t h e  A t t r i t o r  which w a s  p r e h e a t e d  t o  abou t  250OC. The a l s o  p r e h e a t e d  
to  abou t  250OC. Coal -Oi l - I ron  Powder p a s t e  was added s l o w l y - - a l l  
w h i l e  a g i t a t i n g  t h e  b a l l s ,  t h u s  f i l l i n g - u p  a l l  t h e  f r e e  space  
between t h e  b a l l s  u n t i l  t h e  t o t a l  f i l l e d  volume w a s  a b o u t  75% and t h e  
ave rage  cha rge  w a s  250 grams.  When "0 s tee l  b a l l s  w e r e  used ,  a s teel  
doub le  s c r a p e r  w i t h  a t ank  w a l l  t o l e r a n c e  of one  m i l l i m e t e r  w a s  
a t t a c h e d  t o  t h e  a g i t a t o r  and a q a i n  t h e  A t t r i t o r ' s  t a n k  was f i l l e d  up 
t o  i t s  758 volume w i t h  t h e  same Coal -Oi l - I ron  Powder m i x t u r e .  
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I n  a l l  e x p e r i m e n t s ,  as i n d i c a t e d  b e f o r e ,  t h e  volume o f  t h e  
s c r a p e r  equa led  t h e  used  volume of  t h e  s t e e l  b a l l s .  

The mixing time w a s ,  as . b e f o r e ,  5 minutes  wh i l e  t h e  r e a c t i o n  
t empera tu re  was k e p t ,  a t  -250°C.  which,  o c c a s i o n a l l y  when s t e e l  b a l l s  
w e r e  used  climbed up t o  225'C.--this mainly due t o  f r i c t i o n a l  h e a t .  

A f t e r  ' t h e  r e a c t i o n ,  t h e  mixinq and h e a t i n g  was d i s c o n t i n u e d  and 
wh i l e ,  h o t ,  t h e  n i x t u r e  w a s  s t r a i n e d  from t h e  g r i n d i n g  b a l l s  (whenever 
t h e y  w e r e , u s e d )  and c o o l e d  t o  a t empera tu re  of about  150OC. 

f i i l e d  t o  9 h a l f  mark w i t h . ' T e t r a l i n  h e a t e d  t o  160°C. 1 n t o . t h e s e  
t u b e s ,  wh i l e  well  mixing up to  t h e  1 0 0  m l .  mark t h e  .-15OoC., hot. , ,  Coal- 
O i l - I r o n  powder r e a c t i o n  p roduc t  w a s  f i l l e d  and a l l  of  t h e  f o u r  tubes  
were , c e n t r i f u g e d .  

, -  Four g radua ted  100 m l .  c e n t r i f u g e  t u b e s  w e r e  i n  t h e  meantime 

T h e  c e n t r i f u g e  t u b e s  w e r e  of t h e  3011-F45 ' type  as d e p i c t e d  i n  
Thonas Cata logue  on page  221 w i t h  c o n s t r i c t e d  neck and tampered,  
bottom. graduated.  from 0 t o  1 i n  0 . 0 5  n l . ,  from 1 t o  3 m l .  i n  0 . 2  m l . ,  
f rom 6 t o  1 0  n l .  i n  0 . 5  m l . ,  and 1 0  t o  1 0 0  m l .  i n  1 m l .  d i v i s i o n s .  

' . ;  I .  

. .Th,e. used c e n t r i f u g e  w a s  t h e  Explosion-Proof , I n t e r n a t i o n a l  Model 
2-EXD',  as.  d e p i c t e d  . in  Thomas Catalocjue on page 1 8 5 .  The c e n t r i f u g i n g  
head f o r  t h e  t u b e s  w a s  t h e  2 3 4 3 - A 1 5  type--each ho ld ing  s imul taneous ly  
- four . . l00 m l .  t u b e s ,  d e s c r i b e d  above. The c e n t r i f u g i n a  speed  was 
abou t  2100 rpn .  

The c e n t r i f u g e  w a s  n o t  h e a t e d  and c e n t r i f u g i n g  t i m e  w a s  k e p t  i n  
a l l  exper iments  a t  5 m i n u t e s ,  w h i l e  t h e  c e n t r i f u g i n g  t empera tu re  
f l u c t u a t e d  from t h e  i n i t i a l  150OC. t o  abou t  1 2 O O C .  a t  t h e  end due t o  
i n t e r m i t t e n t  c o o l i n g - o f f .  

A f t e r  c e n t r i f u g i n g  w e  could  n o t i c e  i n  t h e  t u b e s  four poor ly  ,' 

1. I n  the bot tom t i p  t h e  u n r e a c t e d ' b l a c k i s h  ha rd  r e s i d u e ,  which 

v i s i b l e  l a y e r s  : 

cou ld  be i d e n t i f i e d  as I r o n  Powder, p a r t l y  contaminated  wi th  I r o n  
S u l p h i d e .  

2 .  On. top  of i t ,  a b lack  s o f t  l a y e r ,  i d e n t i f i e d  as  I r o n  
S u l p h i d e ,  p a r t l y  con tamina ted  w i t h  Coal p a r t i c l e s .  

3 .  On t o p  of i t  an  O i l - T e t r a l i n - C o a l  Seep  brown v i s c o u s  l a y e r .  

4 .  The uppe r  t o p  w a s  a r a t h e r  c lear  brown O i l - T e t r a l i n  
s o l u t i o n .  

Our m a i n  i n t e r e s t  w a s  t o  a n a l y z e  t h e  two upper  l i q u i d  l a y e r s  on 
i t s  s u l p h u r  c o n t e n t ,  which w a s  l o n e  i n  t h e  fo l lowing  way: 

When s t i l l  h o t  t h e  two upper  l a y e r s  w e r e  c a r e f u l l y  decan ted .  
T e t r a l i n  was added t o  t h e  t u b e ,  w e l l  shaken ,  and a g a i n  c e n t r i f u g e d .  
Af t e rwards ,  t h e  upper  l i q u i d  w a s  a g a i n  c a r e f u l l y  decan ted  f r o m  t h e  
t u b e  2nd t h i s  pr~cedure ;;as r e p e a t e d  once F t u i e .  inus, f i n a l i y  on the  
bot tom of  t h e  c e n t r i f u g e  t u b e  w e  had a T e t r a l i n  w e t  m ix tu re  o f  
u n r e a c t e d  I r o n  Fowder mixed w i t h  I r o n  Su lph ide  and s u l p h u r - r i c h  
i n s o l u b l e  i n  T e t r a l i n  p o l y m e r i s a t e s  . T h i s  Residue was c a r e f u l l y  
c o l l e c t e d  i n t o  a b e a k e r ,  twice  washed w i t h  Iiexane and d r i e d .  From 

-. 
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t h i s  b l a c k  powder t h e  I r o n  p a r t i c l e s  a s  much a s  p o s s i b l e w e r e  
m a g n e t i c a l l y  removed and t h e  remaining powder a n a l y z e d  f o r  Sulphur  
i n  a Parr  Bomb by t h e  u s u a l  BaS04 g r a v i m e t r i c a l  method. 

matching t h e  Su lphur  loss  i n  t h e  ana lyzed  d e s u l p h u r i s e d  o i l - c o a l  
m i x t u r e .  

I n  a l l  e i g h t  expe r imen t s  w e  found a Sulphur  c o n t e n t  a lmos t  

The upper two l a y e r s  from t h e  c e n t r i f u g e s  were- mixed t o g e t h e r  
w i t h  t h e  T e t r a l i n  washings of t h e  two lower l a y e r s ,  and T e t r a l i n  was 
d i s t i l l e d  o f f  from a s m a l l  f l a s k  a t  abou t  2 0 0  - 2 1 O O C .  

F i n a l l y  w e  g o t  a h i g h l y  v i s c o u s ,  a l n o s t  p a s t y ,  brown-black resi- 
due c o n t a i n i n g  more o r  less suspended f i n e  p a r t i c u l a t e  c o a l ;  t h i s  
depending upon t h e  used  g r i n d i n g  o i l .  

T h i s  r e s i d u e  w a s  ana lyzed  i n  a P a r r  Bomb f o r  t o t a l  s u l p h u r .  The 
r e s u l t s  a r e  p r e s e n t e d  on Tab le  11. 

I n  a d d i t i o n  t o  t h e s e  e i g h t  e x p e r  
made, i n  which t h e  not a c t i v a t e d  I r o n  
F u e l  O i l  No. 6 m i x t u r e .  The comparat 
111. 

DISCUSSION AND CONCLUSIONS: 

From t h e  r e s u l t s  shown on T a b l e s  
make t h e  f o l l o w i n g  d e d u c t i o n s :  

ments a n i n t h  expe r imen t  w a s  
powder was used w i t h  t h e  Coal- 
v e  r e s u l t s  a r e  shown on Tab le  

I1 and 111, w e  can t e n t a t i v e l y  

1. A t t r i t i o n a l  g r i n d i n g  o f  a powdery h igh  bi tuminous c o a l  
d i s p e r s e d  i n  a heavy m i n e r a l  o i l  w i t h  I r o n  powder e f f e c t e d  i n  f i v e  
minu tes  a t  a t empera tu re  a s  low as 250OC. g i v e s  a h i g h e r  d e g r e e  of 
t o t a l  s u l p h u r  removal t h a n  by c o n v e n t i o n a l  mixing. While f o r  a 
s t r a i g h t  mixing o p e r a t i o n  t h e  Su lphur  removal from t h r e e  Coal-Oil  
m i x t u r e s  averaged o n l y  22%, a t t r i t i o n a l  g r i n d i n g  w i t h  t h e  same 
a c t i v a t e d  I r o n  Powder gave under  o t h e r w i s e  i d e n t i c a l  working condi-  
t i o n s  a T o t a l  Su lphur  removal as h i g h  as 53%.  

2 .  A t t r i t i o n a l  g r i n d i n g  o f  a 1:l d i s p e r s i o n  of a h i g h  
b i tuminous  c o a l  i n  F u e l  O i l  N o .  6 w i t h  a n o n - a c t i v a t e d  I r o n  Powder 
and a s p e c i a l l y  a c t i v a t e d  I r o n  Powder gave a c o m p a r a t i v e l y  h i g h e r  
d e g r e e  o f  Su lphur  removal f o r  t h e  a c t i v a t e d  I r o n  Powder o f  56% 
a g a i n s t  4 4 %  f o r  t h e  fo rmer .  

3 .  For b e s t  Su lphur  removal from Coa l ,  t h e  d i s p e r s i n g  o i l  
shou ld  c o n t a i n  predominant ly  a r o m a t i c  compounds. T h i s  i s  shown 
c l e a r l y  i n  Tab le  I1 where two d i s p e r s i n g  o i l s ,  one w i t h  an 8% a r o -  
m a t i c  c o n t e n t  ( T u f f l o  6 0 9 4 ) ,  t h e  a t h e r  w i t h  9 5 %  a r o m a t i c  c o n t e n t  
(Mobi l so l  661 ,  were used f o r  t h e  same Coal .  
11% Sulphur  removal;  t h e  second gave 57% Su lphur  removal .  

be ing  Mobi l so l  6 6  which h a s  a low Su lphur  c o n t e n t  of 0 .4%,  t h e  second 
RFC E x t r a c t  c o n t a i n i n g  a t r ip le  p e r c e n t a g e  of Su lphur  of 1 . 3 0 % ,  g i v e  
a s imilar  p e r c e n t a g e  o f  removal of a b o u t  5 0 % .  T h i s  a p p e a r s  to  imply 
t h a t  t h e  Su lphur  can  be s u b s t a n t i a l l y  removed n o t  o n l y  from t h e  O i l  
b u t  a l s o  from t h e  C o a l ,  a g a i n  p rov ided  t h a t  t h e  O i l  is  of a h i g h l y  
a r o m a t i c  t y p e .  

The f i r s t  gave o n l y  an 

4 .  The Su lphur  removal from two Coal-Oil  mix tu res - - the  f i r s t  
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5. Mixtures  of  a Coal Powder; ana lyz ing  it a t  over  one pe rcen t  
of  t o t a l  su lphur  w i t h  a commercial Fue l  O i l ,  which c o n t a i n s  a s  high 
as 2.6% of o r g a n i c a l l y  bonded s u l p h u r ,  can  be desu lphur i sed  by t h e  
h e r e i n  p re sen ted  A t t r i t i o n a l  Grinding Method, wh i l e  us ing  a s p e c i a l l y  
a c t i v a t e d  I r o n  Powder g i v i n g  a down t o  less t h a n  one p e r c e n t  of Tota l  
Sulphur  Fuel  mix tu re .  

FUTURE WORK : -- 
The au tho r  b e l i e v e s  t h a t  i n  R & D Work t h i s  p rocess  can be  

improved. Th i s  can be done by f i n d i n g  more f a v o r a b l e  p rocess ing  
c o n d i t i o n s .  I n  p a r t i c u l a r ,  it is expec ted  t h a t  by apply ing  a h ighe r  
r e a c t i o n  t empera tu re  and p o s s i b l y  i n c r e a s i n g  p r o c e s s i n g  t i m e  ove r  5 
minutes  a h i g h e r  d e g r e e  of Sulphur  removal can be a t t a i n e d .  

It is a l s o  hoped t h a t  b e t t e r  I r o n  a c t i v a t o r s  can  be found-- this  
may h e l p  i n  a r r i v i n g  a t  a lower i n  Sulphur  Coal-Oil  Fue l .  

F u r t h e r  e x p l o r a t i o n  of t h i s  new approach t o  Coal-Oil  
Desu lphur i sa t ion  a p p e a r s  worthwhile  also f o r  economical r easons .  
T h i s  because t h e  e x p e c t e d  p rocess ing  c o n d i t i o n s  are r a t h e r  m i l d ,  and 
t h e  equipment f o r  Gr ind ing ,  C e n t r i f u g i n g ,  and So lven t  S t r i p p i n g  a r e  
w e l l  developed and a l r e a d y  a v a i l a b l e  on an i n d u s t r i a l  scale. The 
h i g h  price of  Sulphur ,  which by t h e  p r e s e n t e d  method is produced as  
a by-product ,  should  a l s o  c o n t r i b u t e  c o n s i d e r a b l y  to  t h e  lower ing  of 
p r o c e s s i n g  costs. 

.I . 
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TABLE I - PROPERTIES OF G R I N D I N G  O I L S  

Type of Grinding O i l  

Producer  

Su lphur  Con ten t  
Spec.  G r .  60/60°F. 
V i s c o s i t y  SSU a t  100°F. 
V i s c o s i t y  SSU a t  210°F. 
F l a s h  P o i n t  COC - OF. 
ASTPI V a c .  D i s t .  

(Cor .  t o  A t m . )  
I B P  
1 0 %  
50% 
90% 

FBP 
Clay/Gel A n a l y s i s  
Aromatics  
Naphthenes + ( P a r a f f i n )  
P o l a r  M a t e r i a l  
Asphal t e n e s  
Carbon Type A n a l y s i s  
Aromatics  Carbons 
P a r a f f i n i c  Carbon 
Naphtenic  Carbons 

Tuff l o  
GO94 

S i n c l a i r  

None 
0.9177 
880 
1 9 0  
425 

610 
780 
821  
870 ( 9 5 % )  

882 

8 . 0  
52 + (40)  
None 
None 

None 
43 
57 

Mobi l s o l  RFC 
66 E x t r a c t  

Mobi 1 Enjay 

0.4 1 . 3  
1.1050 1 .054  
160 320 
38  62 
385 405 

638 556 
697 644 ( 5 % )  
724 776 
793 1097 

819 1 1 2 6  

95 .0  88 .0  
1 . 0  10 .o 
4 .O 0.5 
None 1 .5  

Fuel O i l  
N o .  6 

Humble 

2.6 
0.969 
170 
35 
180 

489 
596 
927 
Cracked 
971'F. 
Yield 628 

6 5 . 0  
1 2  + (81 
3 . 0  
12.0 



Used Gr indinq  O i l  

Analyzed t o t a l  Sulphur  
c o n t e n t  i n  t h e  o i l - c o a l  
n i x t u r e  p r i o r  t o  t h e  
a d d i t i o n  of t h e  I r o n  Powder 
and b e f o r e  p r o c e s s i n g  

Analyzed t o t a l  Sulphur  
c o n t e n t  i n  t h e  o i l - c o a l  
m i x t u r e  a f t e r  only mixing 
i n  t h e  A t t r i t o r  0 1  w i t h o u t  
t h e  steel b a l l s  

Analyzed total  Sulphur  
c o n t e n t  i n  - t h e  oil-coal 
m i x t u r e  after a t t r i t i o n a l  

' g r i n d i n g  wi th  t h e  steel  
b a l l s  

REMARKS : 

28 .  

TABLE . I I 

Tuff  lo 
6094 

0.85 

0.80 
( o r  a re- 
d u c t i o n  
i n  "S'; 
c o n t e n t  
of 6%)  

0.75 
(or a re- 
duc t i o n  
in 11 s II 
c o n t e n t  
of 11%) 

Mobi lso l  
66 

1.05 

0.80 
(or a re- 
d u c t i o n  
i n  "S " 
c o n t e n t  
o f  2 4 % )  

0.45 
(or a re- 
d u c t i o n  
i n  "S" 
c o n t e n t  
of 57%) 

Fue l  O i l  RFC 
Extract  N o .  6 

1.50 2.15 

1 . 2 0  1 .70 
( o r  a re- 
d u c t i o n  
i n  "S" 
c o n t e n t  
of 20%) 

0.80 
(or a re- 
d u c t i o n  
i n  " S "  
c o n t e n t  
of 47%) 

( o r  a re- 
duc t ion  
in 11s" 

c o n t e n t  
of 21%) 

0 .95  
(or a re- 
d u c t i o n  
in 11 s I1 

c o n t e n t  
of 56%) 

I n  a l l  exper iments  w e  cou ld  d e t e c t  i n  t h e  Residue,  d e s c r i b e d  i n  
t h e  t e x t  of t h i s  p r e s e n t a t i o n ,  co r re spond ing  v a l u e s  of  Sulphur  which ' 

w e r e  scavenged w i t h  t h e  I r o n  Powder.' 

TABLE I11 

U s e d  Gr ind ing  O i l  F u e l  O i l  N o .  6 

Analyzed T o t a l  Sulphur  . O  -95 
Content  i n  t h e  Oil-Coal  
mix tu re  after a t t r i t i o n a l  (or a r e d u c t i o n  i n  
g r i n d i n g  w i t h  t h e  s teel  "S" c o n t e n t  of 
b a l l s .  56%)  

The I r o n  powder w a s  
a c t i v a t e d .  

Analyzed T o t a l  Sulphur  1.20 
Content  i n  the Oil -Coal  . 

g r i n d i n g  w i t h  t h e  steel " S "  c o n t e n t  of ONLY 
b a l l s .  44%) 

. mix tu re  af ter  a t t r i t i o n a l  (o r  a r e d u c t i o n  i n  

The I r o n  powder w a s  NOT 
a c t i v a t e d .  


